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MAGNETO-INDUCTIVE FLOW SENSOR AND METHOD 
FOR THE PRODUCTION THEREOF 

The invention relates to a method for manufacturing a magneto-inductive flow 
sensor, or pickup, and to a flow sensor correspondingly manufacturable by means of 
the method. 

As is known, magneto-inductive flow sensors enable measurement of the volume 
flow, e.g. volume flow rate, of an electrically conductive fluid flowing in a stream 
direction through a flow sensor measuring tube. For this, a magnetic field of highest 
possible density is produced at the flow sensor by means of a magnetic circuit 
arrangement coupled to an exciter electronics. The magnetic field passes through the 
fluid within a measuring volume at least sectionally perpendicularly to the flow direction 
The magnetic field closes on itself essentially outside of the fluid. The measuring tube 
therefore is usually made of a non-ferromagnetic material, in order that the magnetic 
field IS not unfavorably influenced during measuring. 

As a result of the movement of free charge carriers of the fluid in the magnetic 
field according to the magneto-hydrodynamic principle, there is produced in the 
measuring volume an electric field, which is directed perpendicular to the magnetic field 
and perpendicular to the flow direction of the fluid. By means of at least two measuring 
electrodes arranged spaced from one another in the direction of the electric field, and 
by means of an evaluation electronics connected to these electrodes, an electric 
voltage induced in the fluid is measurable. This voltage is a measure for the volume 
flow rate. The flow sensor is so constructed, that the induced electric field closes 
outside of the fluid essentially exclusively by way of the evaluation electronics 
connected to the measuring electrodes. 

Measuring electrodes, for example, galvanic, fluid-contacting, or capacitive. fluid- 
non-contacting, measuring electrodes, can serve for tapping the induced voltage. 

For guiding the magnetic field and for in-coupling of the magnetic field into the 
measuring volume, the magnetic circuit arrangement usually includes two coil cores, 
which are arranged spaced from one another, especially diametrally spaced, on the 
periphery of the measuring tube. Each core includes a free end face and these faces 
are located especially as mirror images of one another. The magnetic field is so 
coupled into the coil cores by means of a coil arrangement connected to the exciter 
electronics, that it passes through the fluid in the measuring tube at least sectionally 
perpendicularly to the flow direction of the fluid. 
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Due to the required, high mechanical stability of such measuring tubes, they are 
rriade preferably of an outer, especially metal, carrier tube of predeterminable strength 

Tn^'T " '■"^^^"^"y electrically non- 

conductive. .nsulat.ng material of predeterminable thickness, the so-called liner Thus 
m US-B 6.595.069. US-A 5.280,727. US-A 4.253.340. US-A 3,213.685 or jP Y sI 51 
181. a magneto-inductive flow sensor is described, which includes- 

. fir.t 'iLTT"J """'"^ '"'^^^'^'^ pressure-tightly into a pipeline and has 
a first, inlet end and a second, outlet end, 

-- having a non-ferromagnetic carrier tube as an outer encasement of the 
measunng tube, and ocmibui or me 

.n in..7 ^.*"^"'^;""^^«^^°'^'^odated in a lumen of the carrier tube, the liner being of 
an insulating material and serving to convey a flowing fluid insulated from the carrier 

.nH n. -H- arrangement arranged on the measuring tube for producing 

and guiding a magnetic field, which induces an electric field In the flowing fluid, as we» 

f » ^"^' "^^"""9 electrode and a second measuring electrode forttie tapping 
of a voltage of the electric field. 

The liner serves for the chemical isolation of the carrier tube from the fluid In 
^amwtutl' TT '"'^ °' '^"-o*"'^. especially in the case of metal 

^rZT T 'l"^'.^^'- ''e'ween the carrier 

TrZh ; ''"''^""""'"S "esig" o'tt-e carriertube. therefore, a matching of the 
strength of the measuring tube to the mechanical loads present in the particular 

tube to the chemical, especially hygienic, requirements present for the particular 
aPPl.cat,on can be realized. For manufacturing the liner, often injecBon molding or 
transfer molding methods are used. It is, however, also usual to insert into the carrier 
tube a completely prefabricated liner. Thus, in JP-A 59 - 137 822 a method is 
disclosed, in which the liner is fomied from softened plastic foil 

In the liner, made most often of a thermoplastic, or themiosetting, plastic, usually 

also EP-A 36 513, EP-A 581 017, JP-Y 53 - 51 181, JP-A 59 - 137 822 US-B 

""-^ "S-^ These serli ,0 

stabtee the hner mechanically, especially relative to pressure changes and thermally 
related, volume changes. For example, in US-A 5,664,315, a method is described for 
manufacturing a measuring tube of a magneto-inductive flow sensor, which is provided 
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internally with a liner, wherein, before the installing of the liner into the carrier tube, an 
expanded metal lattice in the form of a prefabricated support skeleton is put in place for 
mechanically stabilizing the liner. Additionally, in JP-Y 53-51 181, a tubular support 
skeleton is disclosed, in whose lateral surfaces bores are formed, while in EP-A 581 
017 or US-B 6,595,069, sintered support skeletons are shown. The support skeletons 
are placed in the measuring tube in alignment therewith and are completely encased 
by the insulating material, at least on the inner side contacting the fluid 

Further, in US-B 6.595.069, a method for manufacturing a liner with embedded 
support skeleton is disclosed, wherein support skeleton and liner are manufactured 
directly in the lumen of the carrier tube, with the support skeleton being first formed by 
sintering within the carrier tube and the liner being subsequently fomied by solidification 
of liquid insulating material charged into the carrier tube. 

By the sintering of the support skeleton directly in the carrier tube, such can be 
matched in an almost completely flexible manner In its form and size to the 
requirements set by the application or also by the manufacturing process. For example, 
it has also been disclosed in US-B 6,595,069, that the support skeleton is formed in 
each case with the ends broadening such that it fits in correspondingly end-located, 
funnel-shaped widenings in the carrier tube, and is, in this way, axially fixed in place.' 
Beyond this, a support skeleton is shown in US-B 6,595.069, which completely or 
partially fills lateral openings provided centrally in the carrier tube, so that an additional 
locking of the support skeleton in the carrier tube is achieved. 

It has been shown, it is true, on the one hand, that liners of the described kind 
exhibit a very high mechanical durability, even in temperature ranges of -40°C up to 
200''C. On the other hand, however, this high durability is associated very closely with 
an extremely high quality, especially also of the support skeleton. 

Investigations have, however, shown, that, as a result of the, at times arising, 
high temperatures of up to 1 000 K (Kelvin), especially during the sintering of the support 
skeleton and during casting of the liner, and. because of the usually mutually differing 
cooling behavior of carrier tube and support skeleton, resulting from their mutually 
differing thermal, material properties and forms, high mechanical stresses can arise in 
the support skeleton, stresses which, under the right circumstances, can lead to crack 
formation and thus to a reduction of the quality of the support skeleton, or, 
correspondingly, even to the destruction of the liner. Additionally, it has been 
determined, that the almost unavoidable shrinkage of the sinter material following the 
sinter process can lead to a considerable play between support skeleton and carrier 
tube. Additionally, it was determined that such a play, for example in the case of the 
support skeleton disclosed in US-B 6,595,069, can lead to a no longer negligible or 
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tolerable shifting of the same in the carrier tube, so that additional measures must be 
used for centering and locking the support skeleton in the carrier tube. 

An object of the invention is, therefore, to provide a magneto-inductive flow 
sensor, as well as a method suited for manufacture of such a flow sensor, in the case 
of which flow sensor, on the one hand, the tendency of the liner and/or of the possibly 
present support skeleton toward crack formation in the face of temperature changes, 
especially in the case of cooling, is significantly lessened and, on the other hand, a 
twisting or shifting of the support skeleton in the carrier tube, even in the case of 
possible material shrinkage, can be effectively prevented. 

For achieving the object, the Invention resides in a magneto-inductive flow 
sensor for a fluid flowing in a pipeline, including: A measuring tube for conveying the 
fluid; a magnetic circuit arrangement arranged at the measuring tube for producing and 
guiding a magnetic field, which Induces an electric field in the flowing fluid; and 
measuring electrodes for tapping a voltage of the electric field. The measuring tube 
includes a carrier tube and a liner, especially a tubular liner of insulating material 
accommodated in a lumen of the carrier tube. The carrier tube further includes at least 
a first groove formed in a wall of the carrier tube and open towards the lumen of the 
carrier tube. 

Additionally, the invention resides in a method for manufacturing the measuring 
tube for the above-defined flow sensor of the invention, which method includes the 
steps of: Producing the support skeleton in the lumen of the carrier tube and installing 
the liner into the lumen of the carrier tube. For producing the support skeleton, loose 
sinter ingredients are charged into the lumen of the carrier tube in such a manner that 
they at least partially fill the at least one groove, and the charged sinter ingredients are 
sintered within the carrier tube. Once the sinter ingredients have been sintered within 
the carrier tube, for installing the liner In the lumen, insulating material is allowed to 
penetrate at least partially Into the produced support skeleton and to solidify in the 
lumen of the carrier tube. 

In a first further development of the flow sensor of the Invention, the measuring 
tube has, for the stabilizing of the liner, additionally an open-pored support skeleton 
embedded in the liner, and the at least one, especially backcut, e.g. dovetailed, groove 
is, at least partially, so filled by an, especially sintered, material of the support skeleton, 
especially a support skeleton sintered directly in the carrier tube, that the support 
skeleton is connected with the carrier tube by shape-interlocking. 

In a second further development of the flow sensor of the invention, the carrier 
tube further includes at least a second groove formed in the wall of the carrier tube and 
open towards the lumen of the carrier tube. 
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In a first embodiment of the flow sensor of the invention, the at least one, 
especially backcut, groove is, at least partially, so filled by insulating material of the 
liner, that the liner is connected with the carrier tube by shape-interlocking. 

In a second embodiment of the flow sensor of the invention, the at least one 
groove has a backcut, which is so filled by insulating material of the liner, that, between 
liner and carrier tube, a shape-interlocking is formed, which acts at least radially 
inwardly. 

In a third embodiment of the flow sensor of the invention, the groove is 
developed as an annular groove running essentially coaxially with the wall of the carrier 
tube. 

In a fourth embodiment of the flow sensor of the invention, the groove has an 
essentially trapezoidally shaped cross section. 

In a fifth embodiment of the flow sensor of the invention, the carrier tube 
comprises a non-ferromagnetic material, especially a stainless steel. 

In a sixth embodiment of the flow sensor of the invention, the support skeleton 
comprises a sintered metal, a sintered ceramic and/or a sintered glass. 

In a seventh embodiment of the flow sensor of the invention, the liner comprises 
a plastic, especially a thermoplastic, or a thermosetting, plastic. 

In an embodiment of the first further development of the invention, the at least 
one groove has a cutback, which is so filled by material of the support skeleton, that, 
between the support skeleton and the carrier tube, a radially inwardly acting, shape- 
interlocking is formed. 

In a further embodiment of the first further development of the invention, there 
is formed on the support skeleton a ridge corresponding with the first groove, comprised 
at least partially of the material of the support skeleton and protruding into the first 
groove. 

In a first embodiment of the method of the invention for producing the support 
body, the sinter ingredients are filled into a sinter space formed in the lumen of the 
carrier tube by means of at least one sinter-core inserted therein. 

In a second embodiment of the method of the invention, for installing the liner, 
the insulating material is liquified and cast into a casting space formed In the lumen of 
the carrier tube by means of at least one casting core inserted therein. 

A basic idea of the invention is, on the one hand, to use an additional, especially 
radially inwardly and axially acting, shape-locking of the liner and/or the support 
skeleton with the carrier tube to minimize maximum bending moments, or bending 
stresses, arising in the support skeleton and/or in the liner, and, so, to hold, to a very 
low level, the tendency for crack formation in the support skeleton and/or liner. On the 
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other hand, it is possible, by a shape-locking connecting of the support skeleton with 
the carrier tube, also to effectively prevent a twisting or tilting of the support skeleton in 
the carrier tube, especially before, or during, production of the liner. 

The invention will now be explained in greater detail on the basis of examples 
of embodiments presented in the drawing. Equal parts are provided with equal 
reference characters. However, in case required for overviewability, reference 
characters are omitted in subsequent figures. The figures of the drawing show as 
follows: 

Fig. 1 perspectively, in longitudinal section, a magneto-inductive flow sensor; 
Fig. 2 in cross section, an essential part of a magneto-inductive flow sensor; 
Fig. 3a In longitudinal section, a carrier tube with openings in the lateral surface 
for insertion of coil cores and measuring electrodes; 

Fig. 3b in longitudinal section, the charging of sinter material into the carrier tube 
of Fig. 3a; 

Fig. 3c in longitudinal section, the carrier tube of Fig. 3a, with a support skeleton 
and with coil cores sintered therein; 

Fig. 3d in longitudinal section, the charging of further sinter material into the 
carrier tube of Fig. 3c; 

Fig. 3e in longitudinal section, the charging of insulating material into the carrier 
tube of Fig. 3c; and 

Fig. 3f in longitudinal section, a magneto-inductive flow sensor. 

Fig. 1 shows perspectively in longitudinal section, a magneto-inductive flow 
sensor, and Fig. 2 shows schematically in cross section an essential part of the flow 
sensor. The flow sensor includes: A straight measuring tube 1 of predetermined form 
and size for conveying a flowing fluid; a magnetic circuit arrangement 2 located at the 
measuring tube 1 for directing a magnetic field through the fluid; as well as a measuring 
electrodes arrangement 3 located on the measuring tube 1 for measuring a voltage 
induced in the fluid. 

For pressure-tight joining into a pipeline through which a fluid can flow, the 
measuring tube 1 includes on a first end toward the inlet side a first flange and on a 
second end toward the outlet side a second flange. 

The measuring tube 1 includes: A carrier tube 1 1 of predeterminable lumen; a 
tubular liner 1 2 made of an insulating material and having a predeterminable diameter;, 
and an open-pored support skeleton 13 embedded in the liner 12 and having 
predeterminable pore size and thickness. The likewise tubulariy embodied, support 
skeleton 13 serves for the mechanical stabilizing of the liner 12, especially at 
temperatures of the flowing fluid of -AO'C to 200"C, in a pressure range of 0 bar to 40 
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bar. 

The carrier tube 11 encloses the liner 12 with embedded support skeleton 13 
coaxially and serves, therefore, as an outer, form-giving, as well as form-stabilizing, 
encasement of the measuring tube. As shown in Figs. 1 and 2, the measuring tube 1 
is so embodied that the support skeleton 13 is covered on its fluid-facing, inner side 
completely by liner 12 and. consequently, only the liner 12 is wetted by fluid flowing 
through the measuring tube 1; compare, in this connection, also US-A 3,213,685. As 
required, the carrier tube 1 1 itself can also be contacted internally by material of the 
liner. Especially, the carrier tube 1 1 can itself be completely coated internally by the 
material of the liner. 

For producing and guiding the magnetic field to pass sectionally through the fluid, 
the flow sensor of Figs. 1 and 2 includes a magnetic circuit arrangement 2. This 
includes first and second cylindrical coils 21 , 22, each of which surrounds, respectively, 
a first and a second ferromagnetic coil core 23, 24 having, in each case, free, terminal, 
first and, respectively, second, end faces 232, 242 of predeterminable form. For 
suppressing eddy currents, the coil cores are preferably embodied in the form of a 
single formed sheet or as a packet of a plurality of layered, formed sheets electrically 
insulated from one another; compare JP-Y 2 - 28 406 or US-A 4.641 ,537. Outside of 
the measuring tube 1 , the coil cores 23, 24 are connected on their ends lying opposite 
to their respective end faces 232, 242, with a likewise ferromagnetic back-closure (not 
shown) of predeterminable length and form. Usually, the back-closure is directed 
externally around both sides of the measuring tube 1; compare, in this connection, US- 
A 4,641 ,537. 

The coils 21 , 22 are wound on respective tubular first and second coil bodies 25, 
26 coaxially surrounding the respective coil cores 23, 24; the coils 21 , 22 can, however, 
also be self-supporting or at least partially embedded in the coil bodies 25, 26. Besides 
magnetic circuit arrangements having two coils, also such with three or more colls are 
usual; compare, in this connection. JP-A 3 218 414. During measurement operation, 
the coils 21 . 22 are connected with an exciter electronics for producing electrical current 
of predeterminable current strength and are flowed through by such current. In this 
way. two magnetic field components are produced, which cut through the respective 
end faces 232, 242 of the associated coil cores 23, 24 essentially normally thereto and, 
in such case, superimpose so as to form a directed, resultant magnetic field. This 
passes through the fluid flowing within the measured volume sectionally perpendicularly 
to its flow direction. Used as exciter electronics can be circuit arrangements described 
in the state of the art. 

For accommodating the coil cores 23, 24, the measuring tube 1 includes a first 
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coil core seat 14 for the endwise insertion of the coil core 23 and a second coil core 
seat 15 for the endwise insertion of the coil core 24; compare Figs. 1 and 2. The coil 
core seats 14, 15 include respective first and second surfaces for the shape-matching 
contacting of the respective end faces 231, 241 of the coil cores 23, 24, and the 
respective coil cores 23, 24 lie flushly against these surfaces. 

For the seating of the coil cores 23, 24 into the coil core seats 1 4, 1 5, the carrier 
tube 11 is provided with a first lateral opening 113 and with a second lateral opening 
114. Both lateral openings 113, 114 have the same form and are arranged spaced 
from one another on a circumferential circle of the carrier tube 11, especially so that 
they lie diametrally opposite one another. The coil cores 23, 24 are so inserted through 
the respective laterals openings 113, 1 14 into the measuring tube 1 and so oriented 
with respect to one another that their two end faces 231, 241 are spaced from one 
another along a circumferential circle, especially such that they lie diametrally spaced, 
in effect as mirror images, opposite one another. The lateral openings 113, 114, 
respectively the end faces 231. 241 can, however, also be arranged spaced from one 
another and/or not as mirror images, along a secant or chord of the circumferential 
circle of the measuring tube 1 ; compare JP-A 3-218 414. For the seating of the coil 
cores 23, 24, the lateral openings 1 1 3, 1 14 are of course to be so dimensioned that the 
coil cores 23, 24 fit through. 

For sensing a voltage induced in the fluid, the flow sensor of Figs. 1 and 2 
includes a sensor arrangement 3 mounted on the measuring tube 1 . The sensor 
arrangement includes first and second measuring electrodes 31. 32. The measuring 
electrodes are rod-shaped, with first and second measuring electrode heads 31 1 , 321 
for the sensing of the aforementioned, induced voltage and with first and second 
measuring electrode shafts 312, 322. which serve for the connecting of the sensor 
arrangement to an evaluation electronics. The measuring electrodes 31, 32 can, as 
shown in Fig. 2. be galvanic measuring electrodes; they can. however, also be 
capacitive measuring electrodes. The carrier tube 1 1 is therefore additionally provided 
with third and fourth lateral openings 115. 116 for the seating of the measuring 
electrodes 31 and 32. respectively. The lateral surface openings 115. 116 have a 
width, which is greater than a greatest diameter of the respective measuring electrode 
shafts 312, 322. They have preferably the same form and lie preferably diametrally 
opposite one another, with a diameter of the carrier tube 1 1 connecting the lateral 
openings 115,116 being perpendicular to a diameter of the carrier tube 1 1 connecting 
the lateral openings 1 13, 1 14. Of course, the measuring electrodes 31 , 32 can, in case 
required, especially in the case of more than two measuring electrodes, be so arranged 
spaced from one another on the measuring tube 1 , that they do not lie diametrally 
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opposite one another. This is e.g. the case, when additional measuring electrodes are 
provided for reference potentials or in the case of horizontal installed orientation of the 
measuring tube 1 , measuring electrodes for monitoring a minimum fill level of the fluid 
in the measuring tube 1 . 

According to the invention, the carrier tube additionally includes at least a first 
groove 115 formed in a wall of the carrier tube and open to the lumen of the carrier tube 
11, wherein the groove 115 is at least partially filled by the insulating, or isolating, 
material of the liner 13 and/or by material of the support skeleton 12. 

In a further development of the flow sensor of the invention, the carrier tube 1 1 
includes at least a second groove 1 16 open to the lumen of the carrier tube and formed 
in the wall of the carrier tube 1 1 spaced from the first groove 1 1 5. Both grooves 1 1 5, 
116 can advantageously be formed essentially equally to one another. In case 
required, of course, further grooves serving for stabilizing the liner 12 or the support 
skeleton 13 can be provided in the carrier tube 1 1 . 

In an embodiment of the invention, the at least one groove 115 can be at least 
partially so filled by material of the support skeleton 12, that the support skeleton 12 is 
connected with the carrier tube 11 on the basis of shape interlocking, with ridge 14 
being formed on the support skeleton 1 2 in correspondence with the groove 1 1 5, made 
at least partially of the material of the support skeleton and protruding into the groove. 

In a further embodiment of the invention, the at least one groove 11 5 is at least 
partially so filled with insulating material of the liner 13, that the liner 13 is connected 
With the carrier tube by means of shape-interlocking. 

In another embodiment of the invention, the at least one groove is at least 
partially filled both by Insulating material of the liner 13 and also by material of the 
support skeleton 13, with the ridge 14 being at least partially of the insulating material 
of the liner 13 and also the material of the support skeleton 12. 

Preferably, the first groove 115 has, as shown in Fig. 1, a backcut, e.g. a 
dovetailed cross section. The backcut is so filled by insulating material of the liner 13, 
that, between liner 13 and carrier tube 1 1 , a shape-interlocking is formed acting radially 
inwardly, thus In the direction of the lumen, especially, however, a radially and axially 
shape-interlocking acting radially and axially with respect to a longitudinal axis of the 
measuring tube 1 and/or the backcut is so filled by material of the support skeleton 12, 
that, between support skeleton 12 and carrier tube 11, a shape-interlocking is formed 
acting radially inwardly, especially, however, a radially and axially effective, shape- 
interlocking with respect to the longitudinal axis of the measuring tube 1. 

In a further embodiment of the invention, the groove 115 is embodied as an 
annular groove running essentially coaxially with respect to the wall of the carrier tube 
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1 1 , especially an annular groove having an essentially trapezoidally, or dovetail, shaped 
cross section. The annular groove is at least sectionally filled by the ridge 14 formed 
on the support skeleton 12 and/or the liner 13. 

Figs. 3a to 3f show various process steps of the method of the invention for 
manufacturing the flow sensor. 

In Fig. 3a, carrier tube 1 1 is shown at the beginning of the method and has two 
grooves 1 15, 1 16 In Its wall. Carrier tube 1 1 is preferably manufactured cost-favorably 
as a cast part, which subsequently Is made ready by machining methods such as 
milling, turning and/or drilling; It can, of course, also be fabricated exclusively by 
machining methods or other manufacturing methods known to those skilled In the art 
for tubes. The carrier tube 1 1 can be made of all materials usual for flow sensors, such 
as stainless steels, especially alloyed and highly alloyed stainless steels; It Is possible, 
however, to use other non-ferromagnetic alloys, such as e.g. copper alloys, titanium 
alloys or nickel alloys, but also suitable plastic materials, such as e.g. glass-fiber 
reinforced plastics. 

The support skeleton 13 is, per Fig. 1, a tubular body, which. In the method of 
the invention, is fabricated by in-situ sintering of granular sinter starting material of 
predetermined particle size, thus by sintering in the final installed shape and position, 
in the carrier tube 1 1 fittingly and locked in place. 

In Fig. 3b, for the sintering of the support skeleton 13, a first sinter core 41 1 is 
introduced into the lumen of the carrier tube 1 1 and fixed there temporarily in such a 
manner that a first sinter space 41 is formed there, extending coaxially with the carrier 
tube 11 and having a predeterminable first sinter volume. Sintering core 411 is 
composed of two core portions, which are so embodied that, following insertion into the 
support table 1 1 , they abut one another with their respective end faces; the sintering 
core 41 1 can, of course, also the embodied in one piece in suitable manner. 

Sintering core 411 Is preferably rotatlonally symmetric with reference to a 
longitudinal axis and has a smallest diameter, which Is greater then the predetermined 
diameter of the liner 12, and a greatest diameter, which is smaller than a greatest inner 
diameter of the earner tube 1 1 ; sintering core 41 1 can, of course, also, when required, 
be embodied non-rotationally-symmetrlcally, e.g. elliptically or prismatlcally. 

In case the support skeleton 13 Is, as e.g. usual in the case of small nominal 
diameters of 10 mm to 20 mm, in each case con ically tapered, or tapered in the manner 
of a funnel, in each case from the inlet and outlet ends inwards to the measuring tube, 
then the sintering core 411 is made of two core portions, which are embodied, in 
corresponding manner, conically or in the manner of a funnel and which, following 
insertion into the carrier tube 1 1 , about on one another, in each case, with their smaller 
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end faces. 

Following insertion of the sintering core 41 1 , the carrier tube 11 is so closed, that 
only charging openings for the sinter starting material remain. These are, in such case, 
preferably formed by a single left-open end of the carrier tube 1 1 . The fixing of the 
sintering core 41 1 and the closing of the sinter space 41 occurs usually by means of a 
terminal first flange 412; if the sinter core 41 1 is, as shown in Fig. 3b, also fixed at the 
second end by means of a terminal second flange 41 3, then preferably one of the two 
flanges 412, 413 Includes the appropriate charging opening 414. It is a matter of 
course and clear, that particle size, sinter volume and charging openings are such that 
the sinter starting material is fillable into the sinter space 41. 

After closing the sinter space 41, this is, as indicated schematically in Fig. 3b, 
filled with sinter starting material, and, indeed, in such a manner, that also the grooves 
115, 116, formed in the carrier tube 11 are at least partially filled. Subsequently, the 
sinter starting, material is sintered in the sinter space 41 , whereby the support skeleton 
1 3 is formed to fit In the lumen of the carrier tube 1 1 , along with at least partially, also 
the ridge 14; compare Fig. 3c. As required, the earner tube 11 is completely tightly 
sealed before the sintering. 

Serving as sinter starting material is metal particles, especially metal particles of 
sinter bronze; however, also other materials can be used, such as e.g. sinter glass 
particles, sinter ceramic particles, or sinterable plastic particles, especially plastic 
particles having metallized surfaces. 

Per Figs. 1 and 2, measuring tube 1 is coated internally with a liner 12, and, 
indeed, in such a manner that the support skeleton and carrier tube are, during 
operation of the flow sensor, completely insulated from the fluid flowing through. 

The liner is, per Fig. 3e. produced likewise directly in the carrier tube 1 1 following 
manufacture of the support skeleton 13 by the charging of liquid insulating material 
thereinto and subsequent solidification thereof. This occurs preferably in a usual 
transfer-compression or injection molding method. 

The insulating material can be any of those plastics usually used for the liner 12 
in flow sensors, provided that the plastic can be liquified at least once for the charging 
into the carrier tube. Examples are themnoplastics. especially fluorine containing 
thermoplastics, or polyolefins, or thermosetting plastics, especially castable resins or 
polyurethanes. 

For manufacturing the liner 12, the sintering core 411, respectively 421. is 
replaced by a casting core 51 1 , which is temporarily so fixed in the lumen of the carrier 
tube 11, that, between the casting core 511 and the support skeleton 13 a casting 
space 51 is formed aligned coaxially with the longitudinal axis of the lumen. Casting 
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space 51 is of predeterminable casting volume. The casting core 511 Is preferably 
cylindrically formed, with a diameter, which, considering a casting volume shrinkage 
following solidification, is, at most, equal to the predetermined diameter of the liner 12. 

After introduction of the first casting core 51 1, the carrier tube 1 1 is so sealed 
tightly for casting that only pouring openings for the liquified insulating material remain. 
The fixing of the casting core 51 1 and the sealing of the carrier tube 1 1 occurs usually 
by means of third and fourth, terminal flanges 512. 513, of which e.g. one contains an 
appropriate pouring opening 514. 

Following sealing of the carrier tube 1 1 . liquid insulating material is filled into the 
casting space 51. This penetrates into the pores of the support skeleton 13 and fills 
them; as required, also, in this way, the sintered ridge 14 is completed with insulating 
material. 

The pouring is maintained preferably for a sufficient time that the casting space 
51 and support skeleton are filled completely with the insulating material, at least, 
however, for a sufficient time that the casting space 51 is completely filled with the 
insulating material and the support skeleton 13 is at least partially filled. In this way. the 
insulating material, following solidification, covers the support skeleton 13 completely, 
at least on the inner side facing toward the fluid during operation of the flow sensor. 

Following pouring, the insulating material is allowed to solidify and thus the liner 
12 with embedded support skeleton 13 is formed in the lumen of the carrier tube 1 1 in 
an exactly fitting manner such that it insulates the support skeleton 13 and the carrier 
tube 1 1 from the fluid. 

Carrier tube 1 1 has, in a further development of the invention, a first widening 
1 1 1 formed terminally into the Inlet-side first end and a second widening 112 formed 
into the outlet-side, second end. The two widenings 1 1 1 . 1 1 2 are, in Fig. 1 , respectively 
3a. sectionally inwardly, conically tapered; they can, however, also be cylindrically 
straight in form. 

The two widenings 1 11 . 1 1 2 are at least partially filled with sinter material during 
sintering, and, indeed, such that the sintered support skeleton 13 is engaged with the 
carrier tube and is, consequently, additionally affixed; compare Fig. 3c. 

Preferably, the widenings 1 1 1 , 1 1 2 of the support skeleton 1 3 are so filled that 
the liner 12 partially engages around the support skeleton 13 in the region of the 
widenings 1 1 1 , 1 1 2 and therewith terminally practically completely covers it; compare, 
in this connection Figs. 3e and 3f. 

For optimum matching of pore size to the insulating material of the liner, as well 
as for reducing the volume shrinkage of the sintered support skeleton 13 relative to the 
first, respectively second, sinter volume, another embodiment of the method of the 
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invention additionally provides corresponding sinterable mixtures of different sinter 
starting materials and/or of different particle sizes. 

In a further development of the method of the invention, before insertion of the 
first sintering core 41 1 into the carrier tube 1 1 , lateral openings 1 1 3, 1 14 are provided, 
and, during charging and sintering of the sinter starting material for the support skeleton 
1 3, they are closed sinter-tightly by means of first and second sinter closures 415, 416; 
compare Fig. 3b. The two sinter closures 415, 416 are so embodied that the support 
skeleton 13 of Fig. 3c at least partially fills the two lateral surface openings 1 13, 1 14. 
The filling of the lateral openings 113,114 occurs e.g. such that the support skeleton 
13 lies laterally against the openings 113, 114 and so is additionally locked in place. 
In case required, the two openings 1 13, 1 14 are sealed castlng-tightly during the filling 
and solidifying of the liquified insulating material for the liner 12. This is accomplished 
e.g. by means of first and second casting seals 515, 516, as shown in Fig. 3e. For the 
further stabilizing of the liner 12, additional ridges and ledges can, for example, be 
formed in the lateral openings 1 13, 1 14 during their manufacture, on which the support 
skeleton 113, respectively liner 12, can find additional support. 

For the subsequent insertion of the rod-shaped measuring electrodes 31 , 32 into 
the measuring tube 1 , a further development of the method of the invention provides 
that also the lateral openings 115, 116 are sinter-tightly sealed by means of third, 
respectively fourth sintering cores (not shown), following insertion of the first sintering 
core 41 1. The sealing of the lateral openings 115, 116 occurs preferably in such a 
manner that the third and fourth cores reach to abut against the sintering core 41 1, 
whereby, following the sintering of the support skeleton 13, the two lateral openings 
115, 116 extend right through the support skeleton 13; compare Fig. 2. In such case, 
the third and fourth cores have, in each case, a smallest diameter, which is at least 
somewhat greater than a greatest diameter of the first, respectively second, measuring 
electrode shaft. 

In the application of galvanic measuring electrodes, according to Fig. 2, the 
lateral openings 115, 116 and their continuations in the support skeleton are 
additionally preferably castlng-tightly sealed by a third, respectively fourth casting seal, 
in such a manner that, following solidification of the Insulating material, the measuring 
tube 1 has, starting from the respective lateral opening 115, 116, a first, respectively 
second, measuring electrode feedthrough. The casting-tight sealing of the lateral 
openings 115, 116 can occur, for example, in such a manner that the measuring 
electrode feedthroughs are coated completely on their insides with a predeterminable 
minimum thickness of insulating material and, thus, already during manufacture of the 
liner 12, electrically insulated measuring electrode feedthroughs are created for the 
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measuring electrodes to be subsequently inserted. The third, respectively fourth, 
casting seal is, in such case, to be formed in suitable manner, taking into consideration 
the casting volume shrinkage, such that, following the solidification of the insulating 
material, already fitting measuring electrode feedthroughs corresponding to the 
measuring electrode shafts 312, 322 are formed in the measuring tube 1. 

In the application of capacitive measuring electrodes, the casting seals are 
formed, in especially advantageous manner, such that the measuring electrodes 31 , 32 
can be set into these in such a manner that, following the casting and solidification of 
the insulating material, the measuring electrodes are already arranged in their ultimate, 
installed position in the measuring tube 1 and are, in such case, completely electrically 
insulated with respect to the support skeleton 13 and the carrier tube 11, as well as 
relative to the fluid during operation. The measuring electrode shafts 312, 322 are 
preferably embodied at least sectionally prismatically, especially squarely, within the 
measuring electrode feedthroughs, whereby the measuring electrodes 31 , 32 are easily 
mountable in the lumen of the measuring tube 1 without a countertool. 

In the case of more than two measuring electrodes, the sinter-tight, respectively 
casting-tight sealing of the corresponding measuring electrode openings occurs before 
the sintering of the support skeleton, respectively before the charging of the insulating 
material, in analogous manner with corresponding casting, respectively sinter, seals. 

Since, both in the case of the in-situ sintering as well as also in the case of the 
charging of the insulating material into the carrier tube 1 1 , respectively support skeleton 
13, thermal treatments are involved for achieving recrystallization processes in the 
structure always of exactly only one of the named components of the measuring tube, 
namely carrier tube 11, support skeleton 13 or liner 12, it is necessary, due to the 
processing sequence, that the strength-loss temperature of the carrier tube be greater 
than that of the support skeleton 1 3 and that of the latter must, in turn, be greater than 
the melting temperature of the liner 12. 
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